MBR-technology is able to fulfil similar or even higher standard for nutrients removal than conventional activated sludge processes. This paper presents the optimisation of the membrane bioreactor technology, together with a low pressure sewer, to equip a remote and yet unsewered area of Berlin requiring high quality wastewater treatment. The hydraulic flow pattern of the entire system has to be studied carefully due to the small collection system (no time delay between wastewater discharge and treatment to minimise the daily profile). The pollutant concentrations in the wastewater exhibit also stronger variations. In order to flatten out the hydraulic and load profile, and therefore to reduce the size of the biological reactor and the membrane surface, a buffer tank was installed before the MBR-plant. A full analysis of the influent hydraulic flow and wastewater characterisation is provided for the demonstration MBR-plant.
INTRODUCTION
In Berlin around 33,000 people in 20 small catchments are still not connected to the central sewer system but collect wastewater in septic tanks which has to be trucked out to the next WWTP. A technical alternative would be to implement local sewerage schemes with decentralised collection and treatment of wastewater. However, the Water Authority in Berlin imposes similar or even higher standard for nutrients removal in small WWTPs (, 5,000 p.e.) as in large WWTPs (.100,000 p.e.). Berliner Wasserbetriebe, the Berlin Centre of Competence for Water and Anjou Recherche (research centre of Veolia Water) demonstrated throughout the "IMF" project that the MBRtechnology is able to achieve advanced nutrients removal (Lesjean et al. 2002; Gnirss et al. 2003; Lesjean et al. 2004) .
The same partners initiated therefore the "ENREM" demonstration project (Enhanced Nutrients Removal in Membrane Bioreactor), financed in the frame of the EU-LIFE program. A new sewer scheme combining a low pressure sewer and an MBR plant was built in Margaretenhö he, a peri-urban area of Berlin, to serve 250 inhabitants. The quality requirements for the effluent of the Demonstration MBR-plant are given in Table 1. For semi-central sanitation systems up to 10,000 p.e., the MBR can offer the further following advantages in comparison with other processes: easier possibility of remote control with on-line detection of process disturbances and containerisation of entire plant (up to 2,000 p.e.) or the filtration units (up to 10,000 p.e.) with modularity of filtration system, therefore flexibility in regards to future increase of plant capacity.
The objective of the ENREM project is to perform a technical and economical evaluation of this concept with a full-scale plant to approve the design criteria for the typical flow and load patterns of semi-central areas with a buffer tank and to operate the MBR-plant with remote control and minimise the presence on site and the man power. Based on doi: 10.2166/wst.2008.110 a pre-study in a remote neighbourhood the hydraulic flow pattern has been carefully studied and the dimension of a buffer tank has been simulated (Villwock 2005) . The use of a buffer tank with variable effective volume is required to even the hydraulic and nutrients loads, exhibiting strong daily profiles in small sewers and to fulfil very low targets of nutrients concentration (as grab sample) in the effluent.
BACKGROUND
There are three different techniques for the transport of the waste water: the gravity system, the vacuum drainage system and the low pressure drainage system. Evaluation of the specific data and costs estimation gave a small advantage to a pressure drainage system over gravity flow in the selected demonstration site of Margaretenhö he . The amount of infrastructure costs paid by the customer is the same for every Berlin citizen and does not influence any economic evaluation. Table 2 . 
MATERIAL AND METHODS
The district of Margaretenhö he is covering an area of about 0.24 km 2 with about 100 single houses and 250 inhabitants (some houses are summer residences), but no infrastructure e.g. school, shops or restaurants are located in the district, as well as no industry. Wastewater characterisation: in Table 3 For the nutrients one daily profile is shown in Figure 4 .
The variations during a day for all parameters are much higher than expected from the pre-study (Villwock 2005) .
Even though the wastewater is already homogenized and mixed in the individual tanks of each household for at least 12 hours, the COD concentration, total phosphorus and total nitrogen rise up during the day to 2,000 mgCOD/L, 28 mgP/L and 250 mgN/L, respectively. The low pressure sewer concentrations for all parameters were more than 60% and the effluent of the buffer tank 40% higher than the design parameter (Table 2) (Figure 2 ).
OPERATION REGIME
The full-scale MBR demonstration plant in Berlin Margaretenhö he for 250 p.e. could be operated continuously by remote control and could fulfil high quality treatment for both disinfection and enhanced biological phosphorus and nitrogen removal. With a mixed liqueur suspended sludge concentration of 10 g/L in the aerobic zone (13 g/L in the membrane zone) and a sludge age of 22 days, high removal rates for COD of 97%, TP of 93% and TN of 89% were reached. However, the quality requirements in the effluent for the nutrients (Table 1) were only reached on some days in 
